In this paper, leakage current obtained by laboratory was derived to calculate the pollution flashover voltage of porcelain insulators. On this basis, this paper analyzed the basic theory of prediction of pollution flashover based on leakage current monitored in service. At the same time, the calculation results and the test results of pollution flashover voltage were compared. The results showed that the difference of flashover voltage between calculation results and test results was less than 5%. It is proved that the calculation method for evaluating the flashover risk by monitoring the leakage current proposed in this paper was effective.
Introduction
Pollution Flashover seriously affects the safety of the power system. The process of pollution flashover often accompanies by a change of leakage current. Leakage current is a convenient online monitoring tool which has been studied a lot by domestic and foreign scholars. On this basis, this paper analyzed the basic theory of prediction of pollution flashover based on leakage current monitored in service. At the same time, the calculation results and the test results of pollution flashover voltage were compared.
Test facilities and test method for
leakage current measurement
Test facilities and test specimens
The test was carried out in fog chamber. The test schematic diagram of test facilities was showed in Figure 1 . The test was supported by a DC power supply which can provide an output of ±1000kV. Negative feedback control mode was used to control the output of the power supply. The ripple factor of the test voltage was less than 3%. The relative voltage drop occurring during individual tests resulting in 500mA leakage current which continued for 500mS did not exceed 5%.It met the IEC standard requirement [1] . 
Test procedures
The solid layer method was used. The main test procedures were introduced as follows.  Cleaning. Clean the surface of the insulators.  Contaminating. The calculated amount of salt (NaCl), kaolin and water were made into suspension. Then the suspension was brushed on the surface of the insulator.  Drying. After the contaminating, the layer should be left to dry prior to the test.  Arrangement.
The insulator should be hanged in the fog chamber and the wire was connected.  Applying the test voltage and inputting the steam.  Measuring the leakage current.
Test results and analysis

Maximum leakage current of the surface of the insulator
In the initial stage, the surface of the insulator was becoming wetting because of the fog. The leakage current was increasing while the conductivity of surface was increasing. So the resistivity of the surface was reducing. And then the insulator was saturated moisture and the maximum leakage current was gotten. Subsequently, the contamination and salinity on the insulator surface would gradually be lost. The leakage current was reducing. So there was a maximum value for the leakage current. Saturated leakage current of porcelain insulator strings was measured in different equivalent salt deposit density (ESDD) and non-soluble deposit densities (NSDD). The results were shown in Table 1. The maximum value of the leakage current was related to ESDD, NSDD, the applied voltage and the length of insulator strings. If the length of insulator strings was ignored, discussing about the maximum leakage current had no meaning. On based of previous studies, this paper used the insulator surface resistance which was the quotient of applied voltage and leakage current. 
Relationship between surface resistance and length of insulator strings
Minimum surface resistivity of insulator reflected the value of surface resistivity when the insulator got the saturated leakage current. It could be calculated according to Formula 1.
R was minimum surface resistivity. U d was applied voltage. I m was saturated leakage current of insulators.
When the ESDD was 0.03mg/cm 2 , the relationship between surface resistance and length of insulator strings was shown in Figure 3 . It could be concluded from Figure 3 that the relationship between surface resistance and length of insulator string was approximately linear. Due to the presence of a linear relationship, the law of one unit insulator could be studied to reflect the law of whole strings.
Calculation of surface resistivity of one unit insulator
While the surface resistance had been calculated, the surface resistivity could be calculated according to Formula 2. R F r = (2) ρ was surface resistivity. R was minimum surface resistivity. F was shape factor of porcelain insulator tested in this paper. The shape factor F could be calculated according to Formula 3. ( )
L was creepage distance of porcelain insulator tested in this paper. C was circumference which was the function of creepage distance.
The shape factor F of porcelain insulator tested in this paper was 0.953. Therefore the surface resistivity was calculated. The results were shown in Table 2 . 
Calculation of pollution flashover of porcelain insulator
In this paper, the influence of the arc foot was ignored. The insulator was equivalent to a cylindrical. The electrodes were on the upper and lower surfaces of the cylinder. The equivalent cylinder and the insulator had the same equivalent diameter, creepage distance and form factor. Parameters of equivalent cylindrical and insulator were shown in Table 5 . Meanwhile, it is considered that SDD on different area of insulator surface was uniformly. It meant that different area of insulator surface had the same surface resistivity. The equivalent diameter D could be calculated according to Formula 4. The values of A and n were not exclusive in international opinions. Some scholars measured it in the normal air while some of them measured it in steam. This paper used the results measured by Professor Guan in Tsinghua University. A was 138 while n was 0.69 [3] .
R(x) could be calculated according to
Formula 6 was taken into 5 ,then
A function of x about I and U was gotten
x was the dependent variable. I and U was the independent variables. For different values of U, a family x-I curves could be drawn, as shown in Figure 4 . When x was less than L, indicating that the arc did not complete development on the surface of insulator, and when x was greater than or equal to L, indicating the arc had completed the development. This showed that there was a point in this curve. At the point the arc would complete the mutation, and it was the critical point of flashover. Figure 4 , when the voltage value U<15.3kV, the curve had a maximum, the arc could not develop to the highest point. When U>15.3kV arc could finish the development. So U=15.3kV was critical point of flashover voltage.
Verify of the result
The comparison of test results and calculated results was shown in Table 3 .
The results showed that the difference of flashover voltage between calculation results and the test results was less than 5%. It is proved that the calculation method was effective. 
Conclusion
The relationship between surface resistance and length of insulator string was approximately linear. The difference of flashover voltage between calculation results and the test results was less than 5%. It is proved that the calculation method for evaluating the flashover risk by the leakage current proposed was effective.
Acknowledgements
This work was supported by National Engineering Laboratory for Ultra High Voltage Engineering Technology （NEL201202）
